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Abstract. The relevance of reducing raw cotton contamination during
machine harvesting is substantiated in this article. The morphological
composition of impurity elements in raw cotton, obtained during years of
experience, is given; it shows that fine trash amounts to 63.93% -75.1% and
is difficult to clean when processing cotton. The experimental results of a
new U-shaped receiving chamber are presented, which confirm the
reduction of contamination of raw cotton by up to 30% compared to serial
receiving chambers. Mathematical models are presented for calculating the
contamination of raw cotton using a U-shaped receiving chamber. The
mechanism of impurity saturation of raw cotton during its transport in the
pipes of the pneumatic transport system of the cotton harvester is
substantiated. A comparison of the calculated data on the contamination of
raw cotton with the experimental data obtained using a new U-shaped
receiving chamber showed that the error limit is 4.8+9.1%.

1 Introduction

When harvesting raw cotton by machines, reducing cotton contamination is one of the
important tasks in the field of the ginning industry. This is due to the fact that with high
contamination during primary processing, additional processing is required, which in turn
leads to an increase in costs in the raw cotton processing, and a decrease in fiber quality due
to an increase in the number of short fibers.

Depending on the quality of the resulting fiber, single, double, and triple cleaning is used.
Many scientists dealt with the issues of fiber cleaning [1-11]and reducing the contamination
of raw cotton during machine harvesting [12-22].

As is well known, it is difficult to clean fine trash that penetrates into the fiber. Therefore,
when harvesting by machines, a necessary condition is to minimize the content of fine trash
in the morphological composition of impurity elements. Based on the results of many years
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of experience obtained by the SAIME and SAMIS organizations, changes in the
morphological composition of impurity elements during machine harvesting of raw cotton
are shown in Table 1 [22].

Table 1. Raw cotton contamination during machine harvesting by morphological composition,
obtained in different years, %.

Morphological composition SAMIS, SAIME, SAIME, SAIME,
1987 1988 1989 1990

Stalks 0.13£0.07 | 0.12240.05 | 0.115+0.08 | 0.108+0.08
Hulls 13.634£3.67 | 16.644.55 | 21.34+8.94 | 12.3£2.52
Leaf stalks 9.42+£2.03 | 8.36+1.24 | 8.32+1.93 | 7.38+1.40
Branches 12.2544.20 | 1.42+0.30 1.64+1.52 1.17£1.27
Seed-buds - 1.3£0.46 0.88+0.67 | 1.37+1.13
Flowers - 0.653+£0.28 | 0.37+0.43 | 0.763+0.74
Weeds - 1.83+0.81 1.94+1.64 | 1.05+0.79
Soil 1.01£0.85 | 0.672+0.96 | 0.743+0.82 | 1.05+0.86

Fine trash 63.93+7.54 | 68.94£5.67 | 64.65£12.9 | 75.1+4.8

Analysis of data in Table 1 shows that in the morphological composition of impurity
elements, a significant proportion is made up of the trash, which varies within 63.93+75.1%.

The results of experimental studies conducted by the authors [23] to determine the
mechanism of contamination formation during machine harvesting by vertical-spindle
machines (17X Vtype) are shown in Table 2.

Table 2. Raw cotton contamination samples in different zones (according to A.l. Komogortseva).

Morphological composition Working area Transporting Hopper
corridor

Stalks 0.12 1.29 0.94
Branches 0.01 0.05 0.03
Stalks and stalks leaves 0.36 0.85 0.82
Dry leaf, flowers 0.59 1.26 0.84
Bass 0.00 0.01 0.02
Fine trash 2.05 2.98 4.46
Soil 0.00 0.01 0.00
Seed buds 0.08 0.25 0.42
Weeds 0.95 0.34 0.50
Total 4.16 7.04 8.03

The analysis of Table 2 shows that fine trash in the zone of the transporting corridor of
the harvester makes up 2.98%, and in the hopper, it amounts to 4.46%. However, the authors
did not establish the reasons for the saturation of raw cotton with trash, starting from the
transporting corridor of the harvester and ending with the hopper.

The aim of the study — refinement of the mechanism of saturation of raw cotton with fine
trash in the pneumatic transport system of the cotton harvester using a new U-shaped
receiving chamber.

2 Methods

Experimental and numerical studies of the contamination of raw cotton using a new U-shaped
receiving chamber.
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3 Results

A new U-shaped receiving chamber (Figure 1) was developed [24-26] to eliminate the
shortcomings of the serial slit-like receiving chamber.

Z

A mixture of air and cotton

i

Fig.1. New U- shaped receiving chamber.

The receiving chamber consists of the vertical inlet pipe 1 with a side slit-like opening
for receiving cotton mass, equal in height to bar 2 of the doffer; curved bottom 3 connecting
vertical inlet pipe 1 with outlet pipe 6, a window with lid 4 to remove, if necessary, solid
impurities, fairing 5 for directing the air-cotton mixture with less resistance to outlet pipe 6
connected to the suction line of the fan.

In order to reduce local resistance in the system, the sections of the receiving chamber 1,
the discharge pipe 6 and the lower part of the transition zone of the curved bottom 3 are made
the same.

Transportation of raw cotton in the receiving chamber is carried out as follows. During
the operation of the harvesting machine, the cotton collected by the spindles is thrown by the
doffers into the receiving pipe 1, then the cotton lobules move from top to bottom of the
receiving chamber with the suction air flow, while the airflow increases its velocity and
reaches its maximum value in the lower part of the receiving chamber, where the cotton falls
on the curved bottom 3, then the airflow moves the cotton at maximum velocity through the
outlet pipe 6 to the suction line of the fan and, further, to the hopper of the cotton harvester.
Ensuring the maximum velocity of the airflow in the lower part of the receiving chamber
eliminates the clogging of the receiving chamber with cotton.

In connection with this, field tests of cotton harvesters were conducted using serial and
new receiving chambers (Figures 2, a, b).

Fig. 2. Vertical spindle machines with serial (a) and new (b) receiving chambers.
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The conditions for conducting laboratory and field tests are presented in Table 3. The

results of the field tests are given in Table 4.

Table 3. Conditions for conducting laboratory and field tests.

Name of indicators Values of indicators
toATT According to test data
1 2 3
Test date 22.10.2020
Test site Yangiyul district Test
site CITT
Pretreatment Cotton defoliation
Crop Cotton
Variety - C-6524
Row spacing, cm - 90
Plant height, cm 80-120 100
Plant width, cm No data 40
Number of fruit branches per 1 plant, - 8
pcs. Total
including: - monopodium - 1
- sympodium - 7
The number of bolls on 1 plant, pcs. 9
Total No data
including: - open bolls -//- 8
- semi-open bolls -//- -
- closed bolls -//- 1
The number of seed buds on 1 plant, None
pcs.
Percentage of opened bolls, % No less than 80-90 90
The number of leaves on 1 plant, total,
pes. ) )
including: - green leaves No more than 3 2
- dry leaves No more than 4 2
Plant density, pcs/ha No data 99 703
Height of the bottom boll, cm No less 25
than 8
Row spacing, cm:
- basic - 90
- end - 98
Depth of irrigation furrows, cm - 17
Raw cotton yield, c/ha - 28.0
Humidity of raw cotton on stalks, % No more than 11 6.6

Table 4. Field test results.

Indices Serial receiving chamber New U-shaped receiving chamber
Working slit 30-28 | 32-28 34-28 30-28 3228 | 34-28
width (mm)

Cotton moisture 8.9 7.6 9.5 72 7.4 8.2
content, %

Cotton | 139 112 115 10.9 10.2 10.0

contamination, %
Crushing of
cotton seeds, % 0.2 1.0 0.2 0.4 0.4 0.21
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The data in Table 4 show that using a new receiving chamber, the contamination of raw
cotton is less compared to the serial chamber. Based on this, it is possible to analyze the
process of saturation of raw cotton with trash, starting from the transporting corridor of the
harvester and ending with the hopper.

It is known that there are three types of velocities of motion of an air-cotton mixture: air
flow velocity (V), velocity of the material (Vm) and air velocity relative to the material or
soaring speed (Vs). The soaring velocity is determined by the following formula:

Vi=V—"Vn

The soaring velocity of impurity elements in raw cotton has been well-studied by the
authors [25]. By experimental studies, it was determined that the soaring velocity of a
stretched lobule is 4.69-5.35 m/s, of an open cotton boll - 7.96-9.62 m/s and of a pappus -
2.3-3.75 m/s. The saturation of raw cotton with trash in the pneumatic transport system (PTS),
when conveyed through pipelines, is explained by the fact that the velocity of small trash
particles is higher than that of cotton lobules. For example, at an airflow rate of 9, = 20m/s,
the velocity of small trash particles is ¥, = 19m/s, and the velocity of raw cotton lobules is
9, = 15m/s [25]. If the length of the PTS is taken as £ = 4.5m, then the time for the cotton
lobules to pass from the receiving chamber to the hopper is:

= 4,5 =03 sek
5

t

X

The time for small trash particles to pass from the receiving chamber to the hopper is:
4,5
t, = 10 = 0.23sek
The calculation results showed that small trash particles, which pass the length 1 =4.5 m
faster than cotton lobules, collide with raw cotton particles in the process of motion, and then
raw cotton with trash and dust particles, moving inside the pipeline, is thrown into the hopper
of the cotton harvester (Figure 3).

T Tp———

Fig. 3. Separation of dust particles in the hopper of a cotton harvester.

The air-cotton mixture, after exiting the pipelines, collides with the cellular surface of the
hopper cover separator. At that, light fractions of free fine trash and dust are removed through
the separator, and fine trash combined with the cotton falls into the hopper. The process of
contamination formation in the pneumatic transport system of a vertical-spindle cotton
harvester [23] showed that the soaring velocities of trash particles and cotton lobules differ.
The following calculation method is presented to explain the reduction in cotton
contamination when using the new U-shaped receiving chamber. Figure 4 shows the
distribution of air volume in the serial (a) and new (b) receiving chambers.
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Fig. 4. Distribution of the volume of draw-in air in the serial receiving chamber (a), and in the new U-
shaped receiving chamber (b).

The balance of air volume distribution is:
Q=0+ Qs m/s (D
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The concentration of trash particles in terms of the volume of draw-in air in the serial (Q;)
and new U-shaped receiving chambers (Q;) is assumed to be the same (Figure 3).

In the new U-shaped receiving chamber clean air is sucked insection F3. In section F>, the
contaminated air-cotton mixture is sucked in. We determine sections F>and F’; according to
the drawings, b is the gap for the raw cotton passage between the ends of the brush and the
wall; # is the doffer height; @ is the width of the receiving chamber; b is the length of the
receiving chamber:

F, =b-un=0.07-0.62 = 0.0434m?,
F;=a-b=0.124-0.158 = 0.0195m?,
F, + F; = 0.0434 - 0.0195 = 0.0629m>.

Next, we determine (0, taking into account the change in the concentration of trash

particles over the cross-section of the intake of clean (£3) and contaminated (F>) air:

_ Qi _ 0043401 _ ] 3
Q, = irs 0629 0.69 - Q,, m’/s )

However, depending on the concentration of the air-cotton mixture (u), the ratio

$2:93changes. Based on the experimental data, we accept the coefficient as
K = e 1.0 + 1.2.
U3
With coefficientK ', expression (2) can be rewritten in the following form:
Q,=0.69-Q,-K,m’s A3)

For a serial receiving chamber with an intake air capacity (Q;), the contamination of raw
cotton is (Sp).

Based on the equality of the concentration of trash particles, the contamination of raw
cotton when using a new receiving chamber is determined by the following formula:

_ SoQ2 _ S0:069-Q1K _ o s
Sy = o - o =5,-069-K 4)

4 Discussion

Data from Table 4 obtained as a result of laboratory and field tests show that with a working
slit width of 30-28 mm, the contamination of the raw cotton harvested by machines with
serial receiving chambers is S;=13.9%, and with new receiving chambers, it is S,=10.9%.
Using expression (4), we determine the estimated contamination of raw cotton S.

According to the experiment, we acceptK =1.2, then:

S, =S,-069-K =13.9-0.69-1.2 = 11.51%

The difference in the experimental and calculated data is:

4S8, =109 — 11.51| = 0.61%

With a working slit width of 32-28 mm, the difference in the experimental and calculated
data is:

48, =110.2 -11.2-0.69 - 1.2] = 0.93%

With a working slit of 34-28 mm, this difference is:

48, =110.0 - 11.5-0.69 - 1.2| = 0.48%

Analyzing data from Table 4, we see that the use of a new U-shaped receiving chamber
can reduce the contamination of raw cotton by 30% compared to a serial receiving chamber.
Numerical studies of cotton contamination using a new U-shaped receiving chamber showed
a slight deviation in the calculated and experimental data - 0.48 + 0.93%, so, the error limit
is 4.8 = 9.1%.
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5 Conclusion

The mechanism of contamination formation in the pneumatic transport system of the cotton
harvester was refined, which makes it possible to determine the difference between the
velocities of small trash particles and cotton lobules.

The use of a new U-shaped receiving chamber provides a reduction in the contamination
of raw cotton by up to 30% compared to serial ones due to a decrease in the concentration of
trash particles in 1 m?® of clean sucked-in air.
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